KR1 999-5 1079 
Abstract 

The present invention relates to a manufacturing method of an LDMOS (lateral 
double diffused MOS) element as a high voltage power element where an insulation 
film of a gate extended region (Le region in Fig. 1) in a drift region is configured to be 
inclined. Generally, in a case where a drive IC using the LDMOS is manufactured, a 
gate oxide film is made thick in a p-channel LDMOS and thin in a n-channel LDMOS. 
Therefore, in the aspect of reliability, in a case of the n-channel LDMOS having a thin 
oxide film, the gate oxide film of the gate extended region in the n drift region is easily 
broken by a high electric field during operation of the element. In this invention, for 
solving the problem of the conventional high voltage power element, a low temperature 
oxide film is vapor-deposited on the thin gate oxide film in the gate extended region of 
the n-channel LDMOS and an insulation film is formed inclined by wet-etching, thereby 
improving insulation breaking characteristics in the gate extended region due to a high 
electric field. 
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tfl*i*<3<M -fr^T 1 <H£* 99 *H8*}*K5. 110*15063: 
^«H* 

tfl?l#eW -fr^ «MI* fht-^H 103* 802S: 
>fl*l^e? A 1 <H£* 116* 205£ 

■flaiMM -fi-^T 1 «H£* #«*>*H 138* 1502 J: 



(54) ^^4^&°i*^ji3^*Mis , 0 - , a 



*V «*.fr ^^^>S-H i^.<g^(drtft region)ifl«fl Sife X)o] b ^^(gate extended region. S. 13\ 

Le <a«?)^ miej-* 3<M"3 LDMOSOateral double diffused MOS) >Qtt$<$ tfl$ *M4. ^ 

i£*]i>-S. LDMOS* ol*SM ^ ic«- ^-f >H«»m p LDMOS^I ^Sr n 

LDMOS+r &-t -tfS^-fr «*eH ^8^*1 Ste *VS^-& #fc n *im LDMOSS) n JL*<9eii4| 

suss- = *9*«t«i jt*v*«M ^3W«*a *ms ^^sj atsw 4* * « 
<>ia# ^Eflsi ^^^>si •g-^j^-i- «a*«M fl*n n ldmossi Tfloijs jw**m<*i«i 

ttai-^-g- **)-*M #^^n^s. ^s.^\ >ft°]g. «MMf«l0| 3tf 

sj-ai*^# rwivati. *©i:n p ^ ldmos ^ ti^ 51*10 
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SL 2 

S. 2^r * <^ ^A^zJ-g. ol-g-^ *fl*Ha #3^43 

£ 3^ (a) vfl*l ( g )¥t & ^M*** cl-g-^ ^ ^51. 

1 : ^Sl^7l^r(p type silicon substrate) 

2 : p °fl^^(p epitaxial layer) 

3 : n <S <3 ^ (deep n well region) 

4 : p &-n-<3 ^ (p drift region) 

5 : n 5.Tr^ ^ (n drift region) 

6 : n ^ ^ ^ (n well region) 

7 : p 13 <g ^ (p well region) 

8 : (Buffer oxide layer) 

9 : ^^-^ (Silicon notride layer) 

10 : * -iKs^ (Field oxide layer) 

11, 11a : 1*} 7)HH *§j-^-(l st gate oxide layer) 

12 : ^^^(Gate low temperature insulator layer) 

13 : 2*} <i^^-(2 nd gate oxide layer) 

14 : (Photoresist) 

15 : Cr^^el^ 711 ol ^ 3flS(Polysilicon gate pattern) 

16, 16a, 16b : p + SKt^ (p + diffused region) 

17, 17a, 17b : n + ^H<$ (n + diffused region) 
18 : ^^-(Interlayer dielectrics) 
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19 : ±.3.^. (Source electrode) 

20 : 7\]°]^- #-^(Gate electrode) 

21 : =B))?1 #^(Drain electrode) 

"J ^2) 

■g- 1^-8- PDP U FEDS] t 1 * IC°1) ^r-§-€ *r Slfe #^4i*rS.Al S^-^^ (drift region) Slxr TlH e 3- 

#<g-sl2) *!<*le1- ^a)-^^^^. A]~g-*H LDMOS(lateral double diffused MOS) 4i* r afl^^ofl tHV 3 

LDMOStt 100V-8- IC<H1 aVS}.^ p ^ LDMOSS1 ^-^ SJ= 1500-3000A 

«t^<H] n *H>g LDMOStt ^ 200-300A gf£- ^tt n *fl^ LDM 

OSt- TlMS ^-^^21 ^^o] ^y^.^) ^Tfloj) o^gfl ^ 47 ,| ^u^, ^aJ-31 Aisq^ 

S. l£- #sfl2l ^12:^-^ Jl^^-g- LDM0S2} M-eJ-hH ^H 1 }. 

100V-8- #3 t 1 * IC2) ^-2-, Tflole p ^ LDMOS» 4H*fl Jt-S-tm-^-g- sj= 1500-3000A 

«f 200-300A ^7)121 -a-J^-i- ^$r*M4- cf^ ^ ^ a} €• tIMe sfli^ ^aI^i}. n}-^ n 
4V LDMOStt n i^^MM SZtt 7fl<>|E ^ ( Le "^^)2l <&S^ofl*| Jl^i^l^l- xl7>« WH ^T^a^r H 

7)| ^^flo^ ^0.5. >eM1 ^Cf. 



°]2r#°] #2]Wtt n *Rg LDM0S2) 7))ole ^-^^^ *fl\i<g^°J *H*MI *>3<3-. 

7)^1 n *fl^ LDM0S2] TflolH ^#^,2- Z.*iX)7} <^7}^ nflofl AlS]^ ^t!^7> <a<H>4Tr 

2. ^AM^: aelJl n ^ p ^ LDM0S» ^flX)- nflofl X\ e. cf^ 7flo]E XJ.^.^ o]s|l ^-^^-0)1 



n U p ^fl^ LDMOS# *)l*}-*Hr ^ ^.S.^ n LDMOS^l ^1<>1B ^-^^2] ^.t! 

t1 Sr^^-ft 7flAiSM ^-2} i^^l AlSHJ^- 7fl*i*>7l 

T/^i^cn^l^ LDM0S2] 7)) ole ^-^^^ <+^-^ofl ^-g- ^-^^5. ^^WtII ^ 

7||o)e sj-^o^oflAis} ^«gs)-ji|s.Aj^. 7fl>Jd^m«-^, *^H1 #^t3^21 #ol ji p LDMOS*^ 

aj. «-«| =^ 5Utt i^i'a- ^^4i7]- ^I2:« 0 »a* ^1^-^. 

tt ^-^g- n LDM0S<H1^1 n £^^21 Tllol^ ^tI^ ^^)7\] s>tt ^J9l^ 7l#^ 

°1Ct. °1» ^^*>7l 21 SI) 3E. 2<HlAi ^Altl H>2}- ^-ol ^^o^sl-i ^^l^S. Til o)e ^^sl ^o^ef 

^ ^^lTfl ^z]-* ?V x,n^ LDM0S21 ^B^^^oll 200-300A ^f-*fl2l Tllols aV^-^* ^^S><^ tj-^^€^f^ 
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£2^^ ^1^- n ^ LDMOS°JM 7H<>1H SHMS^SJ ^^M- ^^z)-o.S. 14^1 Tfltt ^^^1 ^.S-g- 

U"3<HHfe- ^ p LDMOS°fl °J 300-1000A ^f-sflSj I*} tIMM a).^ (11)* cf-g- °J 1000-3 

000A Tflols ^oi^(l2)*^#Al?lcf. 

oJo^a^ o]$-i%*\ p LDMOS n 7fl°]E ^^^^ ^^^(12) « «S. <+3^(10)<i] 

U^^-fr °}±?3 *b nj~§-, ^AjAj^uj-g. ol-g-^ n LDMOS^^ TflojH ^-Sr ^^^"(12)* 

^l^ n *fl^ LDMOSofl 200-300A ^-^1^ 2*> TlMS ^^-(13)^ ^ »MS sHH* 3 

n^eM ^ o.S #3^*Hr n LDMOS°flAi t)]o)e s^cg <^ e>J ^oj-g- ^^7)1 fAS.^ JL 

*}7lH ggdW* 4jS|^-§- fe«3 *r 5^. £f> 3^*! 33^* 2j7l ^^^^ ^ * 

a. >Q-igo)|A|i=. £ 2 °1H ^M*}- £°1, n ^ LDMOS2] ^-f cf^^^e]#o.S o^o}*} TlMe ^-fr, *im<§ 
^S] g}=£- Tfloje AV^2f n Tflole 221 Le <^^)^ §r£- ^e]- ^ ^A)-^ 

Zie|al n a^-^^vfloflAiS] ^ = ^^3) ti-V-tf-^-*!*- i^-t&cj-. 

A-i-a- Otitis, P a^ r ^^^<Hi^2i ^s.Aj.^.ej-^1^ ^<a^ <y-¥--g-?>*i ^§34. 

<W1 n^B'i LDMOS21 ^A>^ %<£°\ ^3.0.3.^ 7l]olB SHa-cg^S} ^.g^ol ^efl^ ^ 4||£<g«3£l av 

SEtt I^^IS p^T?^ LDMOS ^4 ^l^ol ^a^zM- A>^.^-o. S Ai ^^cj-^>l- #<y. ^ 

Xlfe ^^^l ^14. 3. ^<a- ^i^iAf^i ^eflfi] ^^dtAl-s}. aV^-7)-Al5. RESURF (reduced surface field) Jl4« # 
^A]^ ^ *^^^o] -B-^lsjol, ^ on 9?* ^ al^. 

£ 32] ( a ) iflAl ( g )i- ^. 31^- ^A>?1 Tflole ^.QDl- ^-i- LDMOS21 Ur^-3l^- ^-^llt 

^1S^^* (a)~(g)ofl ^7)1^^.3. 7l#*>^cl-. aJaHIs. Aj^^V ^351*^-8- n ^ ^ p ^fl^ LDMOS# 

7fl^^ sat 

S. 321 (a)ofl £7.]^ «>S!l. £ol, ^MV^^l LDMOS ^li^^^* «>l-8-*H p ^ 7l*(l) 2]o)l ^ ^-£21 p 

°fl^#(2)^- ^^tl- ^, Al-^Al- ^ a 1 z 1 .^ ( ol-g-^-y w ^ p ^Blg LDM0S7> 

«g^o)l «I(well)(3)# ^^Al?!^. 0}$., ^ ^^«g^o1 n «j ^ ^ (6) ^ p £ - <g ^ (4) ^- $ 

^S>jl f n LDMOS *fl*}-§- 21gfl p « ^^(7)4 n 3L-ff<a^(5)* ^^Al^lcf. 

ol^Ai, ^^(8)^- 4#X\7]JL, ^^-Hl-(9)* ^31-Al^cl-. o]o]x\ ±X}#<>) ^el a^ r <^^ofl 

^^Al?l7l 2lSfl 3 ^-i- Al^AVg-^} ^ ?1^A1^S ^fi}-5l-(9)* ^Tl^-Cf. 



i 321 (b)ofl £Al^ al-fi}- ^-ol, av^-5Kio)* Aj^-Al^l ^ ^^(9)2f ^sl-(8)« ^l^el-Jl, g]=^r ^1 
21 ^21-^- ^ p LDMOS21 §-^^<a- 3:^* SJSfl p ^21^- <^^^- o]-i7j§>^ n ^ 

l-^#5is.Ai oi^oj^. ^ ^o. Avaj.^ *ii7it!-t}. cj-ai of 3oo~ioooA ^^21 i* r time ^^(n)^- a^^- 

^l^cf. p LDMOS21 TIME ^sfl a^ ^u^^Sr 2j= 1000-2000A ^ 
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AyQ&^^SLS. p *m LDMOS n *B\S LDM0S2] >1MH Sr^-g-^r ^S^S}^ U-f^-g. 



£ 321 (c)°)l 51*1^ Ufa)- ^-ol, ^A^zjoa-fr o}$.*}<4 nJHV LDM0S21 *1* ^«Kl2)* °1«4I #*1*1 

z|- -g-rfj^ ^^017^ #* *^ (dilute solution)* ^tH}. <>\7}*) ^"g^ (12)* ^o}^ ^s. *\^*} 
7> 4* ^^J* *r*^ *r aZ^. °-3. n *fl^ LDM0S2] Tfloje ^*}-oj 03 (5L 22 ) Le <g^)^ $ 

04 ej- ^« #7fl °1<H^ ##^(14)* ^l^t!- ^ §J=* Aj-aJ-^-g- s$Vf:}5L, P ^ LDMOS <3°3* 

*8 *f<^ n *H\t LDMOS 2) *>^<y-* S*}* 3\n n *fl\i °3°3* ^1&1*V 2.^- ^.a. p}a ? J^ p *g °1 
*^°d* «■ ##<4* ^^Al^cf. 



£321 (d)ofl ^3*(15)* ^ *1r*S Hfl (doping)* fV ^, p *B\t ^ n *B 

^. LDMOS21 t^^el* sfl<?i(15)* -M-SL^M-^ * ^^^iLS. ^^t&cf. 

£ 32) ( e )<>B a>s). ^-o], a>^1 ^a>^-^ n *fl\| LDMOS<3°3* ^^(14) d>^^i^ ^, p *J|\g LDM 

OS <S^21 4u2_^/^Efl9jol ^-Ajojo^Aj.^ AV^eJ-^. o]o]x\ ##Sf(14)* *]]7)-s}3. g}=* 

5E 321 (f)ofl £Al^ u>5} ^-ol, p *flyi LDMOS 21 <8«1(16. 17) ^ 5=Bfl<?l °j°3(i6a), n *fl\i LDM0S2] i 

J2.i <g°4(16b, 17a) ^ Sefl-y °jej(17b) ^* 3*fl n ^ ?J p ^21 *fr#* ^l*^*}^ z|^ n + .304 *j p+ <a 
°3* ^*J-t}. o]cHa1 <a*)ej ? v ^ ^^-oflAi ^^^ (18) ^. ^aJ-Al^lcf. 

S. 321 ( g )ofl £A]^ H|-<4 ig-ol, AV^I^AJ.^-^ ^ ^a^z}-^ O.S (contact region)* * 

^1a16Vw><4 ^-o] iii ^^-(19), ^o]H ^^-(20) ^ H.efl°1 ?i^-(21)* ^ Jl^i^ ^^^a|-o] „ *m ^ p 
LDM0S7> /Hl^^cf. 

S^l ^Af2l Als^-g- ^-oj ^ ^cf. JEtl *1* ^^^1-* ^^I^^SAi «1-^21 ^(step coverage)* #°J ^ 5i 
^ °x^°l aI*-^, n ^B^ ^ p LDMOS ^ ^ ^^^'3^^. ^-^31 & ^* -f-Sfi 

PDP ^ FED IC -f-ofl ^el ^ $X^. 

(57) ^^ 21 
1. 

*rM-2l 7l^oB p LDMOS2f n ^B ^ LDMOS* ^2}-«>fe 5LQ<& ^^^a]-2) ^12:^0)) QJ^a^ 

1a> Tfloje ^lolS €'3 B 1-(12)* 4^ ^el^TflolE 3^^(15)* p *fl ^ LDMO 

S* 

Tflois ^-^-^04^ ^jois Aj.^( lla)3 i. Tflois x-i^ ^^ej-(i2)* ^^!«- ^ °f^a» AV-g-ev^ 

^Ml #^^1^* Sri, 2a> 7)1 oje AV^.Q i .( 13 )^. Aj^-Al^l ^ c|^^aJb|^. ^ojE 1^^(15)* n *m LDMOS 
* ^^*>fe i^M. 

^•71 TflolS 7.^ ^«a^2l ^a^z]-a1 n ^B^ ^ p ^ LDMOS ^*}2) ^^21 <a«-«-^- ^Zl-Sl-^ Jt^^V 

(surface step coverage)* #<>]i=. s^AS i}^ SL*\<S ^^i^ Tfl^HJ-^. 



-g-^-^-sl 10-0289056 



2. 

LDMOS^ S^Sfl p LDMOSSf n *M LDMOS* *)WHr ^m±^Si\ ?\]2:^<*W 

LDMOS ails "3-1- ol-g-^H p *fl\t LDMOSSf n *fl^ LDM0S2} #^<9^ (active region)* ^^«>7] Sis. aj.^ 
^(10)-g- ^^j- o]^o||, 

^, P *fl\t LDMossi 2^4 -a- P <3^-a- *iisitb <33* °>^^ 

p Jtfl 1 ^ LDMOS 2] ^-g- 7)|ole ^n}- ^<a^(12)* ^, ^ ^zj-g-^J^S. p *fl\a LD 

MOS <$<$*\ n *m LDMOS 2) TflolH s^."^ sjj= ^^21 <a^- <g^* ^-^-^0.5. n>i*3*Rr ^Tllsf, 

^"71 ##sl- D fi3f °l-g-*H n LDMOS 21 7)1 clS «H|-<8*W swjfdusel- f2| #.£^- >#7l ^ ajc* 

«h* **H4*rfe «7fl2f, 

<W1 ##*M- *l|7l*r3. £J=£- -^^21 AV^-e}-* ^^^r ^, n Sfl^ LDMOS21 -g-^tf 2^.* n <3^-§- *)1 
n *m LDMOS'S^ ^ojE ^,2. ^Jo^-i- ^^}?\] ^^^V* *l2:*Hr ^ °.5L SRr i*)^ #3 

±4 *)1 a^H. 

3. 

-S-71 1*1- 7Ho)e av^.^ 300-1000A ^^)f]SL, -#7) 7)}°}^. ^^el-^: 1000-2000A 

4. 

2)1 2 *»l 51*1*1. ^71 *A<$^, 

#<y_ ei-n|oi7lM- a^s. *lzl-Hl7> ^ cf^ *W-«a 3 -a- f^AS. ji^<a- xfl^-'a. 
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